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(54) TUnaMe Optical filter 



(57) The present invention relates 10 a tunable opti- 
cal filter having a variable vvavelenglh cttaraderistic of 
trar^smittanca The tutable optical fitter includes first 
and second polarizers each having a transmission axis 
determining a polarization axis of transmitted polarized 
light* a biretringent element having an optic axis deter- 
mining a phase difference given between two ortfK)go- 
nal components of transmitted polarized lig^. arx) a 
Faraday rotator for giving a variable Faractey rotetion 
ar)gle to trarismittad polarized light The tMrefririgent ele- 
ment and tfie Faraday rotator are provided between ttte 
first and second polarizers The order of anrangement of 
the birefringert element and the Faraday rotator, and 
the relative posilionai relation t>etween ttie optic axis of 
the biretringent element and ttie transmission axis of 
each polarizer are set so tfiat the sfiape of a character- 
istic curve giving a wavelength cftaracteristic of trans- 
mrttance changes along a transmittance axis according 
to a cfiange in the Faraday rotation angfa 



Europaisches Patemam t 
^) O}}} European Patent Office 

Off ice europ^ des trnwels 



FIG. 7 A 



CM 
< 

00 

o 

CM 
CO 

o> 
o 

Q. 
Ill 



Primed by Xbtck (UK) Business Services 
2.16.7/a6 



« 1 

EP0932 068A2 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present Iwention relates geneiBlly to a tunable optical fi^ 

communication system, and mae particularty to a tunable optical fater in wtiich the shape of a characteristic curve giv- 
ing a wavelength characteristic of transmittance changes along a transmittance axis. 

10 

Pescnpton ot the Related Art 

[0002] In recent years, a manufacturing technique and using techraque for a Iow4o6s (e.g., 0.2dB/Hm) optical fft)er 
have been established, and an optical fher communication system using the optical f ber as a transmission line has 
IS been put to practical usa Further, to conperisate for losses in tf>e optica fi>er and thereby aJlow long-haul transmis- 
sion* the use of an optical BurfMier for amplifying signal light has been proposed or put to practical use. 
[0003I An optical ampltfier krxywn m the art includes an optical amplifying medium to wfvch signal ligfitto be amplified 
is supplied and rneans for punping the optical arrpfifytr^ 

band including the w^elength of the signal light For example, an erbium doped fi^er amplifier (EDFA) includes an 

20 erbium doped fi)er(EDF) as the optical an^^ngniedium and a pumping!^ 

a predetermined wavelength to the EDF. By preliminarily setting tf)ewBveler)gth of ttie pump light within a 0.96>im t)and 
or a 1.48Mm band, a gain band induding a wavelength of ISS^m can be oMaine^ Further, another type optical ampli- 
fier havirig a semicoriduclor chip as the optical arnplrfyi^ In tfiis case, tfie pumping IS performed 
by ffieding an electric current into tf)e semiconductor cfiip. 

25 [0004] As a tecfmique for irx:reasing a traremission capacity by a sin^e optical ft)^ 

(WDM) is hrK3wn. In a system adopting WDM, a plurality of optical carriers having different wavelengths are used. The 
plural optical carriers are individually modulated to theret>y obtain a plura% of optical signals, which are wavelength 
division muHipleMed by an optical multiplexer to obtain WDM signal light vrfiich is oulput to an optical fft)er transmission 
line. On tfie receiving side, tfie WDM signal ligfit received is separated into individual opiical signals by an optical 

30 demultiplexer, arxi trar^snrutted data is reproduced according to each optical sign^. Accordingly, by applying WDM, the 
transmission capacity in a single optical ffoer can be ir>creesed according to the number of WDM channels. 
[0006] In the case of incorporating an optical amplirier into a system adopts 

by a gain ctiaracteristic (wavelength cfiaracteristic of gain) which is often called as a gain tilt For example, in an EDFA, 
a gain deviation is produced at wavelerigtfis in the vicinity of 1 .SSpm. When a p^ 
35 accumulation of gain tMs, an optical SNR (signal-to-noise ratio) in a cfiarmel included in a band giving a small gain is 
degraded. 

[0006] Tocopewiththegaintiltof an optical anplHier, a gain ec^ialtzer Before a degradation in optical 

SNR in a certain cftannel k>ecomes eicessive due to accumulation of gain tiHs. gain equalization is performed by tfie 
gain equalizer provided at a suitable position. 

40 [0007] A tunable optical filter is lax]wn as an opiical device usable as t^ 

wavelength characteristic of transmittance (or loss) (wavelength dependence of transmittance) is variable. For example, 
the wavelength characteristic of the tunable optical f 9ter is set or controlled so as to canc^ the gain tilt of an optical 
amplifier, thereby reducing an interchannel deviation of powers of optical signals at the receiving end. 
[0008] Conventionally KrxMm is a tunable optical fitter having a mecfianically nrvivable part In this kind of tunat)le opti- 

45 cal filter, for example, an angle of incidence d a Hght beam on an optical interference f im or a dWraction grating is 
mechanically char^ged, tiiereby changing a center tmevelength in a transmissfon band or a center wavelength in a rejec- 
tion band. That is, the shape of a ctiaracteristic curve givirig a wavelerigth cfuracter 

a wavelerigth axis. Furtfier, a tunable optical titer provfoedt>y Photonics Tecfv^^ hr)C. applies a split-t>eam Fourier 
filter as the basic principles to make variable not only the center wavelength, but a rejection quantity (transmittance) 
50 itself by mechanical nrteans. That is, the shape of a characteristic curve giving a wavelength cfiaracteristic of transmit' 
t^e is variable not or^ akx^ the wavelength axis, kxit along a transmittance axis. 

[0009] Further, as a tunable optical filter capable of cfianging a wavelength characteristic of loss by electrical means 
without using any mechanically movable part, a waveguide type Macfv-Zehnder (MZ) optical fitter and an acousto-optic 
turiable fitter (AOTF) are krtown. for example. 
55 [0010] Further, an optical bandpass fitter capable of varying a center wavelength applying a birefringent titer as the 
baski principles has been proposed (Japanese Patent Laid-open Publication No. 6-130339). 
[0011] TTie tunable optical fitter having a mechanically movable part has defects such tfiat high-speed operation is 
dffficutt arid reiat>iltty is lacking. Further, tfie MZ optical fitter and the AOl^ 
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vottage is hi£^. (2) a power oonsumption is large, (3) a tefYperature stabilizing device is required to cause an unavoid- 
able enlargement ol scale, and (4) reliability carvxyt be obtained. 
[0012] It is IherekKe desired to design a turiabie optical filter that can satisfy suc^ 

movable part is included to obtain high reliability. (2) the filter is controllable by electrical means, and (3) a drive voltage 
5 islowandapoweroonsumplionissmall. 

[0013] As a candidate Ibr the tunable optical filter satisfying these oonditk)^ 
anese Paterrt l^aid-open Pubficatk)n No. 6-130339 is noticeable. Th^ 

for giving a variable Faraday rotation angle, in which ft\e shape of a characteristic cun^e giving a wavelength character- 
istic of transmittance is changed along tfie wavelength axis according to a change in the Faraday rotation angle. How- 
10 ever, the shape of the characteristic curve carvx>tt>e changed ak)ng the transnv^^ In the prior applications of 
the gain equafizer, lor example, it is required that a loss depth in a r^ection band is variable, it tfierefore canrx>t be said 
that this tunable optical fitter aNvays have a sufficient performance as a gain equalizer. 

SUMMARY OF THE INVENTION 

IS 

[0014] It is therefore an object of tfiepreserrt invention to provide a tunable optical fitt 

acterislic curve giving a wavelength cfiaracteristic of transmittance cfianges along the transmittance axis. TTie olfier 
ot>iects dt tt>e present invention wfll become apparent from tfte foflowing descripticn. 

[001 5] In accordance with an aspect of ttie present invention. tf>ere is provided a tunable optical filter comprising first 
20 and second polarizers, a birefringent elemem. and a Faraday rctator. Each of the first and second polarizers has a 
transmission axis determining a polarization axis of trarYsmitted polarized light The kxrehingent element is provided 
between tt>e first and second polarizers to give a phase difference between two ortf)ogonal components off transmitted 
polarized Nght The phase difference is determined by an optic axis of the birefringent element The Faraday rotator is 
provided between the first and seooTKl polarizers to give a variat)fe Faraday r light. 
25 The order of arrangement of the k)irefringent elenient and the Faraday rotator arxi the relative positional relation 
between the optic axis of the txrefringent elemem arxi the trartsTTBssion ax^ 

are, for example; set so tfiat the shape of a cfiaracteristic curve giving a wavelength characteristic of transmittance 
cfianges along a transmittance axis according to a cfiange in tfiePiaraday rotation angle. 

[001 6] With this configuration, the order of arrangement and tfie relative positional relation are set in a specific man- 

30 ner, so that the shape of the cftaracteristic curve is variable atongtftetrarism^^ 
band can be changed, thereby achieving one of ihe objects of the present invention. 
[0017] In tt)e preserrtspedfication, tfie term of IransrnittarK^e" is defined as a power transnN^ 
[001 8] The sbwe and otf>er objects, features and advantages of tfie present invention and the manner of realizing 
them wil becorne nrnre apparent, and the invention itsetf wiU best be understood 1^ 

35 tion and apperxM claims with reference to tfie attacfied drawings showing some preferred embodimerrts of tfie inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 
40 [0019] 

FIG. 1 is a view for iNustrating a txrefringent filter in the prior art; 

FIGS. 2A and 2B are graphs for iNustrating a cfiaracteristic of a tunable optical f Ater in the prior art; 
FIGS. 3A and 3B are graphs for illustrating a characteristic of a tunable optical filter required; 
45 FIG. 4 is a view sfvMring a positional relation among members of the k)irefringent fiter shown in FIG. 1 ; 
FIG. 5 is a graph for illustrating (1/X) approximated \yf a linear function; 

FIG. 6 is a graph showing a cfiange in wavelength characteristic of transmittance with a change in an angle e 
defined in FIG. 4; 

FIGS. 7A and 7B are views showing first and second preferred embodiments of the tunable optical filter according 
50 to the present invention respectively; 

FIG. 8 is a view showing a po6itk>nal relation anrxing mernbers off each pre^ 
filter according to the present invention; 

FIG. 9 is a gr^ showing a first exanple of Itie wavelength characteristic of transrnm^^ 
FIG. 10 is a graph tor fllustrating loss tilt; 
55 FIG. 11 is a graph showing a second example of the wavelength cf«racteristic of transmittance in the present 
invention; 

FIGS. 12A and 12B are graphs showing a third example of the wavelerigth characteristic of transmittance in tfve 
present invertten; 
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FIG. 13isagraphshOMringafoiMlh6xanpleof1hew^ 
tion; 

FIGS. 14A and 14B are vievvs showing third and fourth preferred embodknents of the tunable optical f iter acooiding 
to the present in^^ntion respectively; 
5 FIG. 15 is a graph shoiMng a iiflh example off the wavelength characten 
tkxi; 

FIG. 16 is a graph showing a sixth example of the wavelength characteristic of transmittance in the present inven- 
tion; 

FIG. 1 7 is a view showing a fifth preferred errtxxiiment of the tunable optical titer according to the present inven- 
to tion; 

FIG. 18 is a graph showing a seventh example of the wavelength characteristic of transmittance in the present 
invention; 

FIG. 19 is a view showing a sixth preferred embodwwenl of the turiabte 
tion; 

IS FIG. 20 is a graph showirtg an eighth cKannple of the waveleng^ characteristic of transmittar)ce in the present 
invention; 

FIG. 21 is a view showing a severth preferred embodwnent of the tunable optical titer according to ttie present 
inverrtion; 

FIG. 22 is a view showing an eighth preferred embodirrterTt of tt>e tunable optical titer according to the present 
20 invention; 

FIG. 23 is a view showing a ninth preferred enrix)dirnem of trie turiabfe optica 
tion; 

FIGS. 24A and 24B are graphs showing an &(aiT9)le of the wevelerigth character!^ 

the tunable opticcri filter shown in FIG. 23; 
25 FIG. 25 is a view showing a Faraday rotator applicable to ttie present invention; 

FIG. 26 is a viewfor ilustrating magnetic fields and magnetization in FIG. 25; 

FIG. 27isaview8howifiganolfter Faraday rotator appNcabfelotlie present invention; 

FIG. 28 is a viewfor illusirating rnagneticfiekfe and nregnelization in FIG. 27; 

FIG. 29 is a view showing still another Faraday rotator appScabfe to the present indention; 
30 FIG. 30 is a view for ilustrating magnetic fields and magr^etization in FIG. 29; 

FIG. 31 is a view shoMwig a tenth preferred erribodinr)ent of the turtabfecpti^ 

tion; 

FIG. 32 is a view showing an elevenlh preferred embodiment of the tunable optical titer according to ttie present 
invention; 

35 FIG. 33 is a view showing a twelfth preferred eiTtedinrierit of the turiabfeopl^ 
tion; 

FIG. 34A is a view showing a tunable optical filter corresponding to that shown in FIG. 3 1 ; and 

FIG. 34B is a view sfKXMng a thirteenth preferred ernoodirnent of the tuT)^ according to the present 

invention. 

40 

DESCRIPTION OF THE PREFERRED EMDODMENTS 

[0020] Some preferred embodiments of the present invention wil now t>e descrit>ed in detail with refererKe to the 
attached drawingsw 

45 [0021] A txrefringerit titer will first be described with referericefo FIG. 1t)ecause It is co^ 

irig the coiiligurationarvJ operation of the turiabfe optical titer accorc^ The birefringent filter 

shown in FIG. 1 isconfiguredbyarrangingafirstpolarizer Pl.akirefnngentplate BP. and a second polarizer P2 in this 
order on an optical ch OP. An orttx)gonat three<inr>ensional coordinate system (X, Z) having a Z axis parallel to it^e 
optical path OP is adopted herein. It is assumed that ttie X axis arxi the Y axis are parallel to the optic axes (C1 axis 

50 and C2 axis) of the t>irefringent plate BP respectively, and ttve arigle formed t>etween the transmission axis of the first 
polarizer PI ard the Y axis is 45^ The arigle formed between the transrnission axis of t^ 

Yaxisisart)itrary The transmission axis of a polarizer" points in a direction of vforation of linearly polarized li^ trans* 
mitted through the polarizer, and it is generally defined as an axis determining the polarization axis of polarized light 
transmitted through the polarizer. 
55 [0022] When linearly polarized light transmitted through the first polarizer PI enters the birefringent plate BP. the lin- 
early polarized light is separated into a compor>ent having a polctfization plane parallel to the C1 axis and a component 
having a polarization plane parallel to the 02 axis, and these two components propagate in the birefringent plate BP 
Ujpon output from the birefringent plate BR these two components are corrfoined at a phase difference determined 
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according to wavelengMi. In the case that the thtdoiess of the birefringem plate BP is sufficiently larger than the wave- 
length of inciderA tight, the polarization state of the fight coni^ 

on wavelength. That is, the combined light can be inearty polarized light, or drcularty, or elliptically polarized light 
according to waveler>gth. The transmittance of the second polarizer P2 depends on the polarization state of light inci- 

5 dent on the second polarizer P2. and therefore dWers accordir^ to wavelength. F=or ecanple. assuming that the trans- 
mission axis of the second polarizer P2 is fixed so as to be parallel to linearly polarized light having a certain 
wavelength, the transmittance of the second polarizer P2 to tfie \lgltii of this wavelength is 1 00% in principle. At another 
wavelength, the transmittance of the second polarizer P2 to linearly polarized light perperxficular to the transmission 
axis of the secorx) polarizer P2 is 0% in principle. Furtfier, the transmittance of the secorxJ polarizer P2 to circularty 

w polarized light having another wavelength is 50% in prirK^iple. and the tra 

tically polarized light having anottw wavelength varies according to the eUipticrty of the eliiptically polarized light. Thus, 
the transmitlance of tfiis birefri'ngent filter varies deperxf ng upon the wavelength of incident light 
[0023] FIGS. 2A and 2B are graphs for illustrating a characteristic of a corvertional tunable optica) filter. In fhe tunable 
optkal filter descri)ed in Japanese Patent Laid-open Publication No.6-130339,fore)cample. a phase shifter including 

IS a Faraday rotator and two quarter-wave plates is provided in place of the birefringent plate BP of the birefringent filter 
shown in FIG. 1, tf)ereby obtaining a wavelength cfiaracteristic such that tfie transmittanoe periodicdiy ctianges wHh 
wavelength. As shown soM and broken lirtes in FIG. 2A, a characteristic curve giving this wavelength characteristic 
is variable in shape along the wavelength axis. Accordingly, by using this tunable optical filter, it is possible to provide 
an optical t>andpas8 f Iter wfK)se characteristic curve is variable in shape along the wavelength axis as shown in FIG. 

20 2B. 

[0024] FIGS. 3A and SB are graphs for illustrating a characteristic of a turuible optical filter required k)y the present 
inventfon. In FIG. 2A, the shape of the characteristic cun^ is variable along the wavelength axis. In oontrast therewith, 
the tunable optical titer required by the present invention has a characteristfo 

transmittance axis as shown in FIG. 3A. More specif icaly, in consideration of use as a gain equalizer, it is required to 
25 realize a notch filter in wtiich a loss depfh in a rejection is FIG. 3B. 

[0025] hk)w,quartitative analysis wiH be made on the birefringent filter 1 arxi next developed into show- 

ing a mettiod for providing a tunable cptical filter having such a characteristic as shown in FIGS. 3A and 3B. It is now 
assumed that in tf>e birefringent filter shown in FIG. 1 tfie transmission axis P1A of thefirst polarizer PI, the oplic axes 
(Ct axis and C2 axis) of the birefringent plate BP, and tfie transrnission axis 
30 tior^al relation to each other as shown in FIG. 4. That is, let ^ denote tfie angle loaned betv^een the transmission axis 
PI A arKi the C2 axis arvl 0 derwfe the angle formed between ttie trarismission axis P2A and the C2 axis. 
[0026] When linearly poianzed ight sin(()t>t) enters the birefringent filter in a direction parallel to the transmission axis 
P1A,acorTponert El of transmitted light tfwough the birefringent plate BP parallel to the C1 axis and a conponent E2 
of the transmitted fight paraHel to the C2 axis can t>e ei^essed as follows: 

35 

El =sin4s^n{<ot-^e1) 
E2=:COS^ sin(o>t -I- e2) 

40 where el and e2 are the phase delays of the conrporients El and E2 respectively. The ai^ 
the secorxJ polarizer P2 is given as follows: 

Elsine + E2cose 

= sin^ sine stn(<&t -i- si) -t* cos^ oosO sinf a>t + c2) 
^ = (sinf sine cose1 -i^ cosf cose cos£2) sincot + (sinf sine sinel + cosf cose sin&2) cosc^t 

Accordingly, the intensity I of transrntted fight is given as follows: 

I = cos ^(4 + e) + sin(2f ) sin(2e) C06^((e1 - e2)/2) 

50 

Letting d denote the thickness of the birefringent plate BP, ^ denote the refractive index difference between an ordinary 
ray and an extraordinary ray in the birefringent plate BP, and X denote the wavelength, the following equation holds. 

(cl -€2)/2 = ic(id/X 

55 

Accordingly, the intensity I of transmitted fight can be expressed as a function 1 (X) of wavelength X to give Eq. (1). 

\{X) = co6^(f + e) + sin(2f ) sin(2e) cos^(« nd/X) (1) 
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As undefstocxl from Eq. (1). the transmitted light intensHy has Mvelenglh dependence and periodicaJly changes with 
wavelength. If the i«lue of waveienglhX is higher than an actualbfop^ 1A can be approximated 

by a linear funcfion as follows: 

[0027] tf the wavelength band is set to a range of 1500nm to 1600nm as shown in FIG. 5. for example, a = -4.165 x 
10"^ (1/hm2) and b = 1.291 x 10 ^ (lAim). 

[0028] Neglecting b and considering only a relative wavelength. Eq. (1 )' is given. 

\{X) » C06^(^ 6) + sin(24) 8in(2e) cos^n X/FSB) (1)' 

where FSR (Free Spectral Range) represents a wavelenglh period in a wavelertgth characteristic of transmittanca and 
it is expressed as follows: 

FSR = 1/a»id (2) 

[0029] Accordtrigly, it Is understood that a required FSR can be obtained by adjusting the thickness d ol the t>irefrin- 
gent plate BP provided that the refractive index difference ^ determined by fhe material of the birefringent plate BP is 
constant 

[P030] Eq. (1) shows tfiat the transmitted ligfitiriter^sitychariges with a charige in ar>^ Referring to 

FIG. 6, ih&re is shown a cfiange in wavelength cfiaracteristk: of transmittance in the case tfiat the angle e isctianged 
with tfiean^ 4 fixed to ic/4 (45^). for example, hi FIG. 6. tf)e vertical axis represents transmittance (true value) and tf>e 
tK>rizontal axis represents relative wavelength normalized by FSR. The signs attached to the values of the angle 6 hav- 
ing positive and negative value are intended to show relative rotational directions t>etween the C2 axis and the trans- 
mtesion axis P2A, wfiich wit t>e thereinafter descrit>ed in detail 

[0031] A direct rrietfiod for ctiangirig the ariglee is to rotate the transmtesion axis In 
present tecfviiques. any polarizer capable of rotating its transmission axis without using mechanical means is not 
Imown. AttfKXjgh a polarizer capable of rotating its transmisston axis can be provided by using mecftanical means, a 
turtable optical f iter fiaving a mecfianically rrwvable part fias problems such tfiat Ngh-speed operation is dHficult and 
reliability is tadortg, in view of this fact, tfie present inverrtion has proposed a metfxxf using a variable Faraday rotator 
as win t>e hereinafter described in detail. 

[0032] The angle e is an angle formed t>elween the transmission axis P2A of Ifiesecoridpolar^ 
and it can t)e said that the arigfo 0 is an angfo fbrnried t>elween tt«e polarfzati^ 

izer P2 and the transmission axis P2A of tfie second polarizer P2 . h otfter words, "rotating ttte transmission axis P2A 
of the second polarizer 92" is sut>stantially tfie same as "rotating the polarization axis of Kgfit incident on tfte second 
polarizer P2^. Accordingly, by locating a Faraday rotator for giving a variable Faraday rotation angle k>etween tfie bire- 
frirtgent plale BP and Ihe second polarizer P2, and by rotating an azimuth of polarized light iricident on tf>e second 
polarizer P2» the same condHion as thaft obtained bf ctiangirig the angle e can be realized, and tfie transmHted ligfit 
intensity can therefore be changed aooorcfng to the rotation of the azimuth. 

[0033] Similarly, by locating a variable Faraday rotator between tfie first polarizer P 1 and the birefringent plate BP. and 
by rotating an azimuth of polarized light inddert on the t)frefrir)gent plate BP. the same corxiition as tfiat ot>taff>ed by 
changing the an^e f can be realized, arxi ttie transmitted light intensity can tf>erefore be cfianged according to the rota- 
tion of the azimuth. 

[0034] Referring to FIGS. 7A and 7B. tf>ere are stiown first and second preferred emtxxiiments of the tunable optical 
filter according to the present invention respectively. In 1f>e first preferred errtodirrient shown in FIG. 7A. a variable Far- 
aday rotator FR is provided between the birefringent plate BP and the second polarizer P2. In tt>e second preferred 
embodiment shown in RQ. 7B. a variable Faraday rotator FR is provided between the first polarizer PI and the birefrin- 
gent plate BP. 

[003S] The simplest and clearest requirements for carrying out the tunable optical filter according to the present inven- 
tion in each of the first and secorKi prelenred embodiments win now be reconfirmed. In each preferred emtxxliment. tfie 
birefringent plate BP arvl the varialale Faraday rotator FR are provided between the first polarizer PI and the second 
polarizer P2. TTie first polarizer PI has a transmission axis PI A determining the polarization axis of transmitted polar- 
ized Bght, and the second polarizef P2 has a transmission axis P2A determining the polarization axis of transmitted 
polarized light The birefringent plate BP has optic axes (C1 axis and C2 axis, or any one of them) determining a phase 
difference given b^ween two orthogonal components of fransmitted polarized fight The variable Faraday rotator FR 
gives a variable Faraday rotation angle to fransmitted polarized light. The order of anangement of tfie birefringent plate 
BP and the variable l=iaraday rotator FR. and the relative positional relation between ttie optic axis (e.g.. CI axis) and 
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the transmission axes PI A and P2A are set so thaiihe shape of a characteristic curve giving a wavelength character- 
islic of transmittance changes along the transrrvttanceax^ an^a 
[0036] Further, the thickness of the t)irefringervt plate BP is designed so that a required FSR can be obtained. To reaJ> ^ 
ize wavelength dependence of trarismittance, a birelringent plate having a thickness larger than that of a quarter-wave \ 

s plate or a half-wave plate, specifk»My. having a thickness suff k;tentfy larger than an operating wavelength, is used as '< 
the btrefringent plate BR More specifically, a j)irefringent pla te <apabte of dving a phase difference corr^ ondinQ to a ; 
length 20 t o 1 00 times an operating wa velength is adopted as1lieBlr^ng^itpla^£B — ' — 

[O037r~tn ihe nrst pretenea embooimeni shownTrTFIGri rA, i ii put l i gl il ibl TancmHtc d t h ^ the first polarizer PI , the 
birelringent plate BP, the variable Faraday rotator FR, and the second polarizer P2 in this order ak)ng the optical path 

10 OR 

[0038] In the second preferred embodiment shown in FIG. 7B. input Nght is transmitted through the first polarizer PI , 
the variable Faraday rotator FR, the birelringent plate BP, and tfie second polarizer P2 in this order akxig the optical 
path OR 

[0039] FKx 8 shows a positional relation among the members in each preferred embocfiment of the tunable optical 
15 filter according to the present invention, h is assumed that in the orthogonal ttveeitimensional coordinate system (X, 
Y, Z) the Z axis is parallel to the optk:al path OR and the Y a)ds is parallel to the tra 
izer P1 . Further, f, e, and $ win be defined newly or more precis^ as foMows: 

^: angle formed between the CI axis of the birefringent plate BP and the transmission axis PI A (Y axis) of the first 
20 polarizer P1. his assunried that the angle 4 takes a positive sign when rolati 
CI axis. 

e: angle formed between the CI axis of the birefringent plate BP and the transmission axis P2A of the second 
polarizer P2. It is assumed ttiat the angle 0 takes a positive sigri wtien rotating ck^ 
P2A toward the CI axis. 

25 6: angle formed between the transmtsskxi axis P1 A (Y axis) of the first polarizer PI and the transmisskxi axis P2A 
of the second polarizer P2. It is assuined thai the arigle 5 takes a positive sign when rotating ckx:kw^ 
axis tOHverd the transmi8Sk)n axis P2A. 

[0040] Accordingly, fse^^S. Further, the Faraday rotatkm angle a given by the Faraday rotator FR takes a pos^ 
30 sign wfien rotating counterck)ckwise from tfieX axis toward the Y axis. 

[0041] In FIG. 8, the group of an ellipse (including a cirde) arxJ straight fines represented by refererx^e symbol PS 

represents wavetenglh dependerK» of a polarizatk)n state at the output of t^ 

[0042] To rnake the transrnmedligm intensity of the tunable optk^al fitter have wan^en^ 

that ''sin(2^) sin(2e) is always zero" must be avokled as apparent from Eq. (1). Therefore, in the case of provkfing the 
35 sarnecondrtk)n as that Obtained by substantially Changing the angle e by using ^ 

thefhst preferred embodiment shown in FIG. 7A, the angle ^ must safety ^ ^ nK/2 (n is an integer). Further, In the 

case of provkSng the same condHton as that obtairied by substentialty cfi^ 

FR as described in the second preferred ernbodirnent shown in FIG. 7B,tt)e angle drn (nisan inte- 

ger). 

40 [0043] According to the optical theory, a polarization state of fight and an operatxm of an optx^ 

transmitted ligM can t)e represented by a 1 x 2 rnatrix known as the Jories Vector and a2x 2 rriatrix known as the Jones 
Matrix. Further, optk»l power at each transmisskx) point can t>e expressed as the sum of the squares of two compo- 
nents of the Jones Vector. By matrix cateulation using the Jones Vector and the Jones Matrix, the transmittance (power 
transmittance) of the tunable optical fitter according to the present inventton can be catoulated. 

45 [0044] FIG. 9 shows the resutts of cak^ulation of a wavelength characteristk; of transmittance in the first prefenred 
embodirnem shewn in FIG. 7A under the conditions that the angles^ and 5 are set ^ and 5 = 0. and the F^- 

aday rotation angle a is changed. In FKl 9. the verlkal axis represents transnrittance (dB) and the horizontal axfe 
resents relative wavelength normalized by FSR. As apparent from FIQ 9, the shape of the characteristfc cun^e giving 
the wavelength characteristic of transmittance changes akxig the transmittance axis {Ihe vertical axis) with a charige In 

so tfie Faraday rotation angle a in tiie condition that tiie points corresponding to relative wavelengtiis of 0.25 and -0.25 are 
fixed points. 

[0045] By changing the Faraday rotation angle a in the range of -«< a <tte- 5 (range of 3c/2) iritis 
or in ttie range of -5 > a > -ii/2 - 6 (range of ii/2) in the case of ♦ = -«/4 . all obtainable conditions of the wavelengtii 
characteristic of transmrttarx^e can be reafized. 
55 [0046] According to this relation, it is understood ti^at in the case of 5 = 0. that is. in tiie case that tiie transmisston 
axes P 1 A arxJ P2A are made parallel to each other. It is suffk:ient to select eitiier a posHive sign or a negative sign for 
the Faraday rotation angle a to be changed. Accordingly, by setting 6 = 0,0<a<ny2or0>a>-7i/2 is given, sothata 
f^araday rotator giving a Faraday rotation angle a in only one direction can be used, thereby sirrplifying the configuration 
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of the Faraday rotata FR. Ibis effect is simHariy exhioftecl also in the second preferred ennbodiment shown in FIG. 7B. 
[0047] Conversely, by using a variable Rvaday rotator capable of giving a Faraday rotation anglea in opposite direc- 
tions and setting d = 4 . fhe transmittartce twcomes constant irrespective of wavelength wf>en a = 0. For example, in 
the case that the tunable optical filter according to the present invention is incorporated into a system, there is a case 

5 that a constant transrnrttance is preferable irrespective of wavelength Inthis 
case, -kM < a < kM holds, so that the absolute value of ttie Faraday rotation angle a is smaller ttian ic/4. Accordingly, in 
the case tfiat a variable Faraday rotator applying a magnetooptic effect is used, it is po68i)le to reduce Itie power con- 
sumji^on when the Faraday rotation angle a is set to a maximun ^^lue. Similar discussions apply also to the second 
preferred embodiment shown In FIG. 7B, in wfiich it is sufficient to set 5 = e . 

10 [0048] The tunable optical f IKer havirig such a characteristic as shown in FIG 9 is potentiaNy applied to a power equal- 
izer having a ^uiable loss tit. for example. Thetermof Toss tat** indicates a stope of a liriear characteristic curve g^ 
a wavelength characteristic of transmrttance represented by logarithm as shown in FIG. 10. Such a power equalizer 
leaving a variable loss tilt is effective in equaKzirtg gain tilt in an optical amplifier or in compensating for loss tilt in an opti- 
cal f ber in an optical ft>er communication system, for exam^. 

IS [0049] In the case erf using the tur)abfe optical fiHer having such a characteristic as sho FIG. 9 as an equalizer 
having a variable loss tilt, an average of losses in an operating wavelength band (which wil be hereinafter referred to 
as ''average lossl can t)e nriaintained coristant by selecting tfie operating wavelength t 

example. That is, a center value between adjacent two wavelengttis of some wavelengths providing a maximum loss or 
a minimum loss is selected as a center mvelength in the operating wavelength t>arxJ, and the bandwidth of the operat- 

20 ing wavelength band is set smaller than 1/2 of FSR. 

[0060] Fia 11 shows an exanpfe obtained by selecting a point C which gives a center vakiebe^^ 
a point Beach providing a rnaxirnum loss or a rnininfium loss in the graph st^^ FIG. 9 as a center wavelength in tiie 
operating wavelengtii band, and by setting the bandwidth of the operating wavelength band to 1 ^ of FSR. As apparent 
from FIG. 1 1 , a ctiaracteristic with a variable loss tilt is obtained. Further, as also apparent from FIG. 11 . the average 

25 loss does not change in-espective of a change in tfie Faraday rotation angle ou In the gr^ shown in FIG. 11» a perfect 
straight line shown by a broken lir^e dearly indicates that each cfia-acteristic curve is sut)6tantially lirtear (as also in 
cases of FIGS. 13 and 16). 

[0061] Hcwever, tile tunable optical filter having the characteristic of FIG. 11 has a problem tiiat the average loss is 
as large as 3 dB. To solve this problem, the following two methods are considered. 
30 [0052] ThefirstnfiethodisametfKxiof rnaldngtf>earigle(4ore)betweenoneofthetransn^ 
and tfie C1 axis of the t)irefringerYt plate BP different from ± 7c/4. 

[0053] For example, in the first preferred embodiment shown in FIG. 7A,tf>ear)gle^issetsoastosatisfyO<^<ic/4 
and the Faraday rotation angle a is changed in the range of -6 < a < 2^ - 6. Alterriatively. tfie angle 4 6 
isfy -^4 < ^ < 0 arxi the Faraday rotation arigfe a is diai)ged in the range of -5 > a > 2^ - 5. 

35 [0064] FIGS. 12A and 12B show the results of calculation of a waveler)gttY characteristic 0^ 

corxtitions that ttie angles i and $ are set to f = ic/6 arxi 5-0 and Ihe Faraday rotation angle a is chariged. FIG. 13 
shows a wavelength characteristic obtained t>y enlarging a pal of the wavefer^gth cftaracteristic shown in FIGS. 12A 
and 12Bin accordance with the relative wavelength range shown in FIG. 11. As apparent from FIG. 13, the average 
loss is snrialter than that of the wavelength characteristic shown in FIG. 11. However, tfte average loss changes with a 

40 cfiange in tfief^arad^ rotation angle a in the ocampte of FIG. 13. 

[0065] In the second prefenred embodiment shown in FIG. 7B. the angfe e is set so as to satisfy 0 < 0 < n/4 and the 
Faraday rotation angle a ts changed in the range of > a > -20 - 5. Alternatively, the angfe 6 is set so as to satisfy -^4 
< e < 0 and ttie Faraday rotation angle a is changed in the rartge of -6 < a < -20 - &. Also in this case, an effect similar 
to that in the first preferred embodiment sfxjwn in FIG. 7A can be obtained. 

45 [0066] Also in the above case of rnaldngtiie arigfe^ or OdHfererit from ±ic/4 according to tti^ 

Faraday rotator capabfe of giving a Faraday rotation angle a in only one direction Furttier, 
bysetfingSs^ in the first preferred en*odiment shown in FIG. 7A, or by setting 6 = 0 in the second preferred embod- 
inoent shown in FIG. 7B. the f ansmittance can t>e maintained constant irrespective of waveler^ wf^en corrtrol 
becomes off to result in a = 0. 

50 [0067] The effect obtained by making the angfe ^ or 6 different from ±nJ4 can be reafized also by inserting a quarter- 
wave plate at a proper position with a proper angle to change a polarization orfentati 14A 
andUB. 

[0068] FIG. 14A shows a third preferred embodiment of the tunabfe optical filter according to the present invention. 
In contrast witii the first preferred embodimerrt sfxiwn in FIG. 7A. the tfvrd preferred embodiment is characterized in tfiat 
55 a quarter-wave plate 2 is adcfitionaly provided between the first polarizer P 1 and ttie btrefringent plate BR 

[0069] FIG. 1 4B shows a fourth preferred embodiment of the tunable optical filter according to the present invention. 
In contrast with ttie second preferred embodiment shown in FIG. 7B. the fourth prefen^ed embodiment is characterized 
in that a quarter-wave plate 2 is additionally provided between tfie birefiringent pfete BP and tf)e second polarizer P2. 
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« [0060] The second method is a method of using a p 

polarizer refers to a polariser indicating a Iransmittance value n^ 

polarized ight having a polarization plane orthogoral to the transmission axiSw In the partial polarizer, the transmAtance 
of lineariy polarized light having a polarization plane orthogormi to the transmission axis is defined as t 
5 [0061] FK3. 15 shorn the results of cak^ulation of a wevelertgthcharart 

izer having a transmittance t a: 0.25 (-6dB) as the second polarizer P2 under the con^ 

setto f = ]c/4 andS^Oandthe Faraday rotation angle a is chartged. 

[0062] FIG. 16 show^ a wavelength chaiacteristk:ob4air)ed by enlarging a part of 

in FIG. 15. AscorTpared\A^tf)ecf)aracteri8ticsf)OwninFIG. 11. the average loss is smaller in the characteristic shown 

w in FIG. 1 6. Furthermore, the average loss does not change with a cfiange in the Faraday rotation angle a. 

[9063] In the case of carrying out the second method in the first prefenred emtxxJiment shown in FIG. 7A. a variable 
anK)unt (a variable range of trarisnwttarm aft a certain wBveler)^ ^ = ±ic/4 , because all 

obtaintablecorKiiljonsofttiewavelefigthcharacteristk:oftran8mittance^ In the 

case of carrying out the second mettK)d in the second preferred ernbodknentsh^ FIG. 7B, a vari^ amount can 

75 simiarly be maximized by setting e = ±ic/4. 

[0064] Also in tfie case of carrying out tfie second method, a variable Faraday rotator capable of giving a Faraday 
rotation angle in only one direction can be used by setting 5-0. Further.by setting f in the first preferred embod- 
inrtent shown in FKa. 7A. or by setting & = e in the second preferred embodiment shown in Fia 7B, the transmittance 
can be maintained constant irrespective of wavelength when control t>eoomes off to result in a » 0. 

20 [0065] The first and second methods are effective aiso in givmg a finite valuator 

the case of setting ^^xf^ m the first preferred embodvnent shown in FIG. 7A, the power transmittance takes 0 (anti- 
logarithm) in principle, so that the maximum loss (dB) becomes infinite as apparent from FIG. 9. In some case, such a 
characteristic is undesirable ^operating a system. By using the first or se^ the niaximum loss (dB) can be 

suppressed to a finite value. This will t>ecome apparent from FIGS. t2A arxj 12B arxi FIG. 15. 

25 [0066] FIG. 17 shews a fifth preferred efrtxxjirr>erYt of the turiabfe optical titer acco^ 

each of the previous preferred embodiments, a singfe variable Faraday rotator FR is used. In contrast therewitti. the fifth 
preferred embodi ment is characterized in that two variabte Farad^ rotators FR1 and FR2 ar e provided fc)etween the first 
polarizer PI and tiie second polarizer P2. The birefringem plate BP is provided between the Faraday r and 
FR2. This configuration can provide a wavelength characteristic different from each wavelength characteristic men- 

90 tior>ed above. 

[0067] Forexample. consider the case of rotating a Faraday rotetion angle a1 given by the Faraday rotator FR1 and 
a Faraday rotation angle a2 given by the Fwaday rolatcr FTC with tt>e relation of a1 = cc2 mairrtained under the con- 
ditions that the angles^ aid 5 are set to 4 » andb-ftxfZ (n is an integer). Input light is transmitted through the 
first polarizer PI , the Faraday rotata FBI , the birefringent plate BP, the 

35 P2 in this order along the optical path OP. 

[0068] FIG. 18 shows a wavelength cfiaracteristic of trar)smittarx;e in the case of rotating the Faraday rotation angle 
a(a1 and a2)inlherangeo(0<a<ii/4 under the conditions thatthe angle 4 and 5 are set to 4 =7r/4 and 8 = 0. In 
this case, a partial polarizer is used as tfie second polarizer P2. As apparent from FIG. 18. the mininnum loss in tfie 
wavelerigth ctiaracteristic cf transmittance is always zero inrespective of ttte 

40 [0069] TochangeeachFaradayrotationangfewiththerelationofa1 = a2 maintained, the 
rnent shown in Fia 1 7 enploys a contrd unit 4 connected to the Faraday rotators FR1 an^ 

trols the l=araday rotators FR1 and FR2 so tfiat the Faraday rotation angle a1 given by the Faraday rotator FR1 and the 

Faraday rotation angle aZ given by tfie Faraday rotator FF^ t)ecome substantially equal to each other. 

[0070] FIG. 19 shows a sixtti preferred ent)odimem of the tunable optical filter aocordng to In 

45 each of the previous preferred embodiniefits. a singfe birefringert plate In contrast therewith, the sixth pre- 

ferred embodinient is characterized in that two birefringent plates BP 1 and BP2 are provided between the first polarizer 
PI and tt>e second polarizer P2. The variabte Faraday rotator FR is provided between tt>e l>irefringent plates BP1 and 
BP2. Input light is transmitted through the first polarizer pi , the birefringent plate BP1 , the Faraday rotator FR, the bire- 
fringent plate BP2. and the second polarizer P2 in this order along the optical path OP 

50 [0071] By using the two birefringem plates BP1 and BP2, a wavelength characteristic li(eth^ 

istic shown in FIG. 1 8 can be obtained. For exampte. angles 41 and ^ are defined with respect to the optic axes of the 
birefringent plates BP1 and BP2 respectively, as similariy to the angle 4 mentioned above, ttid the angles 41 and ^2 
are set equal to each other (41 = 42). Further, the angles 41. +2. and 5 are set to 41 = ± wM, 42 = ± 71/4 , and 
6 = njc/2 (n is an integer). 

55 [0072] FI& 20 shows a wavelerigth characteristic of transmittance in the case of rotating the F^ar^ 

a given by fine Faraday rotator FR in the range of 0 < a < ic/2 under the conditions that the angles 41 . ^2. and 5 are set 
to 4 1 = 42 n/ 4 and 5 s 0. In this case, a partial polarizer is used as the second polarizer P2, As apparent from FIG. 
20, the minimum loss in ttie wevelenglh characteristic of transmittance is always zero irrespective of the Fiaraday rota- 
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tionanglea. . 

[0073] Also in the sixth preferred embodimefit shcNvn in FKB. 1 9. a Faraday rotator capable of giving a variable Fara- 
day rotation angle in only one direction can be used by setting 5 = 0. 
[0074] FICL21 shews a severithprefen-edenixxJimenl of the tunable optical filter acc^ 

5 Ihis preferred ennbodiment is characterized in that a variable phase shifter 6 is additionally provided between the first 
polarizer PI and the second polarizer P2. The varialDle4>tosasfai!tei^& ^ives-a4)hasediffer ^c ^ between 
a polarization co nyonerit par allel to its opti c axis arxj a_polarizato ^ The ph^ 

dtfference^e mad variable by a control signal supplied to tt)e variable phase shifter 6. The first polarizer P1 , the bire- 
fringent plate BP. the variable Faraday rotator PR, and the second polarizer P2 are arranged in accordance with the first 

10 preferred enrrbodiment shown in FIG. 7A. Further, the variable phase shifter 6 is provided between the first polarizer PI 
and the bireffringent plate BP. 

[00751 According to the preferred embodiment shown in FIG. 21 , the shape of a characteristic curve giving a wave- 
length characteristic of trarismittarK;e changes not only with a change in tfie 

Faraday rotator FB along the transnrvttance axis, but also wfth a change in the phase dWerence given by ttie variable 
IS phase shifter 6 along the wavelength axis. Consequently, not only the cfnracteristic of the tunable optical filter 
described with reference to FIGS. 3A and 3B, but also the characteristic of the tunable optical filter described wHh ref- 
erence to FIGS. 2A and 2B can be obtained. 

[0076] To niost effectively change the shape of the cftaracteristiccun^ along t^^ 
set tt>e angle between the optic axis of the variable phase sfiffter 6 and ttie optic axis ^ 
20 (n is an integer). 

[0077] As the variable ptiase shifter 6, an optical element applying an electro-optic effect such as UfJbO 
adopted. However, such a variable phase shifter applying an eledrooptk: effect requires a high drive voltage in general. 
[0078] FIG. 22 shows an eighth preferred embodiment of the tunable optical filter according to tfie present invention. 
This preferred embodiment errploys a variable phase shifter 6 havi^ 

26 drive voltage for the variable pfiase shifter 6. The variable ptiase shifter 6 shown in FIG. 22 includes two quarter-wave 
plates 10 and 12 and another variable Faraday rotator 8 provided between the quarter^wave plates 10 and 12. The 
angle formed between the optic axis otf the quarter-weve plate lOandtheopticaxisof the quarter-wave plate 12 is set 
to iU2. By settirtg the angle t>elween the optic axis of each of ttie quarter^wave plates 10 and 12 and the optic axis of 
the birefringent plate BP to nic/2(n is an integer), the shape ot a characteristic curve giving a wavelerigth characteristic 

30 Of transmittance d this tunable optica fiHer can be changed with a change in the F^Evaday rotation angle given by the 
variable Faraday rotator 8 along the wavelength axis. 

[0079] In the case tfiat the F&mda^ rotation angle given by the Faraday rotator 8 is p, tf)e phase difference between 
two orttx)gonal oorrponerits of polarized tight given t>y the variable phase sfii^ 
apparerrt from the conterits disclosed in Japanese Peterit Laid-open F\A^ 

35 SO the desopdon tfiereof wiN k>e omitted herein. 

[0060] FIG. 23 shows a ninth preferred embodirnent of the tunable opticaJfMer a In 
contrast with the eighth preferred embodiment shown in FIG. 22. the ninth preferred embocfiment is cftaracterized in 
that at least one finer is additionally proved t>etween the first po^ and the second polarizer P2. Morespe- 
cfficany. N set (N is an integer greater than 1) of titer units 14 (#1 to #M) are provided. Of these filler units 14 (#1 to#M), 

40 the i-th (lis an integer satisfying 1 ^ i ^ N) filter unit 14 (#i) includes a polarizer PI (#i). a variable phase shifter 6 
a birefringent plate BP (#i). and a Faraday rotator FR (#0 corresponding to the first polarizer PI. the vari^ pl^ 
shifter 6. the birefrir>gent plate BP. and the variable Faraday rotator FF), respectively. 

[0081] The >Amelength characteristic of transmittaix^ of tfiis tunable optical filter as a whde is given as the sum of 
thewavelerigth cftaracteristic of transnfvttarK^e of the tunaUe optical filter shown in 
45 teristic of transmittance of each filter unit 1 4 (#1 to ttHj. Accordingly, the wavelength characteristic of transmittme can 
be easily ariMtrarily set 

[D062] For example, in the case that three characteristic curves each givirtg a wavelength characteristic of transmit- 
tance are obtained in the tunable optical filter of FKB. 23 as shown in FIG. 24A, the total wavelength characteristic of 
transmittance is given as the sum of the three characteristic curves, so tfiat a desired w^ 

50 mittance can be obtained as shown in FIG. 24B. 

[0083] While each filter unit 1 4 (#i) tiaving the variable phase shifter 6 (#i) tor changing a cfiaracteristic curve along 
the wavelength axis and the birefringent plate BP (#i) and the F^aday rotator FR («i) for changing a characteristic cun^ 
along the transmittance axis are utilized in this preferred embodinri^ 
fringent plate BP (#i) and the Fa-aday rotator FR («i) may be omitted as required. 

55 [0084] Sonr^e specific embodiments of the Faraday rotator tor giving a variable Faraday rotation angle will now be 
desaibed. 

[0065] In general, when lineariy polarized light for example, passes through a magneto-optic crystal in the condition 
where a certain magnetic field is applied to the magneto-optic crystal, i.e., in the condition where the magneto-optic 
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crystal is placed in a certain magnetw field, a po^^ fight (defined as a projection 

otf a plane oortelning an electric field vector of the linearfy polarized Ngfit onto a plane perpendicular to a propagation 
direction of tt>e linearty polarized light) is rotated ahways in a fixed direction irrespective of tfie propagation direction. 
This phafK>menon is called Ruadayrotatk^ (Far- 
aday rotation angle) depends on a direction arKi strength of magnetization of ttie magneto-optic crystal generated tiy 
the applied magnetic field. More specifically, the Faraday rotation angle is determined by a sizeof aconnponent of the 
strength of magnetization of the magneto-oplic crystal in the fight propagation direction. Accordingly, by configuring a 
l^raday rotator with a nriagneto<)ptic crystal and meaf)s1brapplyir^ ma^eto-optic crystal in tfie 

same cfirection as the light propagation direction, rt appears that tfie Faraday rotation angle can be effectively adjusted 
by adjusting the applied magnetic field. 

[0086] Hcwe^, it should be considered herein that ¥^\en the magnitude of the appfied magnetic field is relatively 
srnall.thestrengthof magnetization of the rnagnelo-opticcryslalt)y the nrtagnetic field does not reach a satu- 
rated condition, but mariy magnetic domairis we preserit in tt^e magneto-optic 

netic domains deteriorate reprodudbifity of tfie Faraday rotation angfe, or makes it difficult to continuously vary the 
Faraday rotation angle even though good reproduci)ility is ensured. Furtfiermore, wf)en many magnetic domains are 
present in tfm nriagnelOKiptic crystal, there occurs attenuation due to li^ 
cent magnetic domains^ causing a disadwitage in practical use. 

[0067] In a preferred efrtxxtiment of tt>e present inventicn intended to solve tfus problem, the variable Faraday rotator 
indudes a nriagneto-optic crystal k)cated on an optical pati, rnagnetic fi^ 

magnetic fields having different dtrectior)stotf)enr)agneto-opticcrystalsot}iattt>estr0r)gthof asyrnheticn^ 
of the first and second magnetic fields becomes larger tfian a predetermir^ value (e.g.. a value oonresponding to the 
strength of a magnetic field required to saturate tfie streriglh of magnetization of tfie rnagneto-optic crystal), and mag- 
netic field acQusting means for ctiangng at least one of tfie first and second magnetic fields. 
[0068] The condhion wfiere the strength of magnetization of tfie magneto-optic crystal has been saturated can be 
understood as a condition wfiere tfie magnetic domains in the magneto-oplic crystal has become a single magnetic 
domain. 

(0089) Preferably, tfie first and second magnetic fields are applied in orlfiogonal directions in a plane containing a 
propagation direction of fight passing tfirough tfie magneto-optic crystal. 

[P090] FIG. 25 sfiows a variable Faraday rotator 32 appficaUe to tfie present invention. TTievariate 

32 is usable as tfie vwiable Faraday rotator FR or tfie variable Faraday rotator a The Faraday rotator 32 Includes a 

nnagnetOK)ptic crystal 41 . a perrnanerrt magnet 42 arid an electrofnagrret 43 fw^ 

directions to the inagnetcK>plic crystal 41 . and a variable current source 44 ^ 

net 43. 

[0091] By using a thin sfice of YIG (Yttrium-Iron-Garnet) or an epilaxially grown crystal of (GdBi)3(FeAIGa)50i2. as 
tfie rriagrietQ-optic crystal 41, for example, ttie drive currerit can t>e reduced 

[0092] The tfiickness direction of the magneto-optic crystal 41 is parafiel to the Y axis, for example. In tfiis case, tfie 
directions of Ifie magnetic fields appTied to tfie ma^ieto-optic crystal 41 t)y tfie permanent magnet 42 and tfie electro- 
magnet 43 are parallel to tfie Z axis arcl the X axis respectively. F^eference numeral 45 derxites a ligfit beam passing 
tfwou^ the magneto^optic crystal 41 . 

[0093] RG. 26 is a view for illustrating the direction and strength (magnitude) ot tfie magn 

neto-optic crystal 41. and of the magnetization of tfie niagneto-optic crystal 41 in tfie Faraday rotator 32 shown in FIG. 

25. 

[0094] In the case ttiat a magnetic field vector 51 is applied to tfie magneto-optic crystal 41 by the permanent magnet 
42 only, a magnetization vector in tfie magneto-optic crystal 41 is parallel to the Z axis as shown by reference numeral 
52. In this case, tfie strength of the applied niagneticfiekl (the lerigth off the rriagnefi^ 

strengtti off tfie magnetization off tfie magneto-optic ayslal 41 (ttie length olihe magnetization vector 52) is saturated. 
It is assumed that a required maximum Faraday rotation angle is obtained in this ooncMtion. 

[0095] When a magnetic field vector 53 is appfied parallel to tfie X axis by the electromagnet 43. the synthetic mag- 
netic field is given as a syntfietic vector of tfie magnetic field vectors 51 and 53 as shown by refererx^ numeral 54. TNs 
syntfietic magnetic field 54 generates a magnetization vector 55 in the nnagnetOK)ptic crystal 41. The magnetization 
vector 55 and the magnetic field vector 54 are parallel to each otfier. and the length of the magnetization vector 55 Is 
equal to the length of the magnetization vector 52. 

[0096] Although tiie strength off the magnetization of the rnagneto^optic crystal 41 is fixed, a degree of contribution of 
the magnetization of tfie magneto-optic crystal 41 to tfie Faraday rotation angle rs not always the same. t>ecause the 
Faraday rotation an^e depends also upon the relation between the direction of tfie ma^etization and the light propa- 
gation direction. That is. in comparing to the condition of the magnetization vector 52 with the condition of tfie magnet- 
ization vector 55. a Z component 56 of the magnetization vector 55 is smaller tfian a Z component (tfie magnetization 
vector 52 itself) off the magnetization vector 52. Incidentally, tfie Faraday rotation an^e conresporxfing to the magneti- 
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zation vector 55 is smaler than lhat oorresporvfing to the 

[00971 Acooiting to this preferred embodHTienl, the streng^ is 
always saturated over the wt)ole variable range d the Faraday rotation angle, thereby eliminating the disadvantage 
caijfied by fornriation of marry magnelx: doitttins i 

rotation angle can be irrprcved, and the Faraday rotation an^ can be continuously changed. Further, by adiusting the 

drive current supplied from the variable curem source 44. the Faraday rot^^ 

good reproductNKty. Accordingly, by applying the f^raday rota^ 

tunable optical titer which can be operated at high speeds and has high reiability. 

[0098] Accordir)gly, by applying such a variable Faraday rotator to the present invention, rt is possible to provide a tun- 
at)le optical titer wtiose wavelength characteristic of transmittance is well reprodudble and continuously variable. 
[0099] FIG. 27show8anolher Faraday rotator 32' applicable to the preserit invention. The 
ferent from the Faraday rotator 32 shown in FIG. 25 in the point tal paralel plane surfaces 61 and 62 are formed at 
opposite edges of a rectangular magneto-optic crystal 41 and that a lightt>eam 63 is passed through the plane surfaces 
61 and 62. Accordingly, both the direction of a magnetic field by the permc»)ent magnet 42 and the direction of a mag- 
netic field by the electromagnet 43 are inclined about 45*" to a ligtrt propagation direction (parole! to the Z axis). 
[0100] FIG. 28 is a view for illustrating the directton and strength of ttie magnetic field applied to the magneto-optic 
crystal 41 and of the magnetization of the magneto-optic crystal 41 in the Faraday rotator 32* shown in FIG. 27. The 
magnetic field applied by the electronmgnet 43 is ac^istabie in ^ 

shewn t)y refererx^ nuneraJ 71 arxiaconditionshownbyrefererx^ numeral 72. Reference nunr)eral 73 denotes a mag- 
netic field applied by the permanent magr)et 42. In ttiis case, the synthetic nregnetic field changes in strength and direc- 
tion in tfie range between a condition shown by reference numeral 74 and a condition shown by reference numeral 75. 
In association therewith, the magnetization of the ma^teto-optic crystal 41 changes in strength and direction in the 
range between a oondHton shown t)y reference numeral 76 and a conditton shown t)y reference numeral 77. By using 
tfie Faraday rotator 32*. the liable range of ttie Faraday rotation angle can be increased witfiout much increasing the 
variable range for the drive current of the electroma^Yet 43. 

[0101] The applied rnagneticfiekJ by the penrtanemrnagnet 42 is set so that tt^estreng^ 

magn^o-optic crystal 41 is suffidentfy saturated in a condition shown by reference numeral 78 wtiere tf>e strength of 

the rnagnetizartion is mininmzed (the applied nragnetic field by the 

[0102] FIG. 29 shews still another variable Faraday rotator 32" applicable to the presenting 

32" is different from the F^araday rotetor 32 shown in FIG. 25 in the point that an electromagnet 81 is provided in place 
of tile permanent magnet 42 shown in FIG. 25 and that a variable current source 82 is additionally provided to apply a 
drive current to ttie electromagnet 81 . 

[0103] FIG. 30 is a view for illustrating the direction and strength of the magnetic field applied to the magnetooptic 
crystal 41 and of the magnetization of the nnagnetoH3p6c crystal 41 intheFaradayrotator32"shcwninFIG.29. Accord- 
ing to tfie preferred embodiment shown in FIG. 29, the syrithetic magrietic field can k>e changed continuously as main- 
taining saturation magnetization as shown by reference numerals 91 to 94 by adjusting the applied magnetic fields by 
the electromagnets 43 and 81. In association therewith, tfie magnetization of the magneto^iptic crystal 41 changes 
continuously as shown by reference nunierafe 95 to 96. Accordmg to the preferred e^ 30. the 

variable range of the Faraday rotation angfe can be easily increased without using a oorrplex-shaped magnet&optic 
crystal as shown in FIG. 27. 

19104] to the case of using the Faraday rotator 32^, the seree of a Z component of the magnetizati^ 
optic crystal 41 can be changed by changing the polarity of the variable cunrem source 44 or Accordingly, the direc- 
tion of Faraday rotation can t>e changed as required. For exaw^, the Faraday rotation angle can t>e changed in ttie 
range of ±45n** (n is a positive integer) with respect to 0^. Accordingly, by applying the Faraday rotator 32" to the present 
invention and setting the angle 5to5-^ or5=6 as mentioned previously, for example, the transmittance can t>e 
maintained constant inrespective of wavelength when the Faraday rotation angle is 0^ For exanrple, when the Faraday 
rotator 32" is incorporated into a system and control becomes off to shut off the variable cun^ent sources 44 and 82. the 
Faraday rotation angle becomes 0^. Accordingly, the transmittance becomes constant irrespective of wavelength, 
thereby faciitatirig restart of the system. 

[0105] FIG.31 shows a tenth preferred embodimem of the tonabfe optical titer according to the presernu^^ In 
this prefenred embodiment, wedge plates 121 and 122 each formed of a birefringent material are used as tiiefirst polar- 
izer PI and tiie second polarizer P2 respectively. In association therewith, this preferred embodiment further includes 
an optical fiber 123, a tens 124 for changing a beam parameter of ligW emerging from the optical ftoer 123 (e.g.. colli- 
niating the enrierging h'^) to supply the Ic^it beam to the wedge plate 1 21 , a 1^ 

the wedge plate 122. and an optical fiber 126 to which the ligtit beam converged by the lens 125 is coupled under given 
corxJitions. 

[0106] The wedge plates 121 and 122 are arranged so that a top portion and a bottom portion of the wedge plate 121 
are opposed to a bottom portion and a top portion of the wedge plate 1 22 respectively, and corresponding surfaces of 
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the wedge plates 121 and 122arepai:alleltoeachother.Thatis»thewedgeplates121 and122havethesai^ 

[0107] Fa example, the optic axis d the wedge plate 121 is parallel to the Y axis, and the optic axis of the wedge 
plate 122 is peralel to the Y axis. 

[01 08] The transmrttance axis of each of the wedge plates 1 21 and 1 22 as polanzers is defined as a polarization direc- 
5 tionofan&ctiaordinaryi^whosepolaiizationplaneisparaHelto^ 
ray whose polaii2ation plane is peipendicUar to the Optic axi& 
[0109] Ughtenrierging from an excitation end Off the optical fiw 

light fc>eani This beam is denoted by reference numeral 130 wHh its beam thickness neglected. The beam 130 Is sep- 
arated into a t>eem 131 corresponding to the ordinary ray and a t>eam 1 32 corresponding to the extraordinary ray in the 
10 wedge plate 121. 

[0110] The t>eanis 131 arxi 132 are transmitted through the txrefringent plate BP and the variable Faraday rotator FR 
in ttvs Older to t)ecomet>eams 133 and 134 respectively. The polarizatx)nsM 133and 134a^edeter- 

mir>ed by the Faraday rotation angle given by the Faraday rotator FR. 

[0111] The t>eam 133 is separated into beams 135 and 136 respectively, corresponding to the ordinary ray and the 
IS extraordinary ray in the wedge plate 1 22 . The t>eam 1 34 is separated into beams 1 37 and 138 respectivel y.correspond- 
ing to the extraordinary ray and the ordinary ray in the wedge plate 1 22. 

[0112] In considering the history of refractions in tfie past of ttie beam 1 35 to 1 38 and the sfiape and arrangenrient 
of the wedge plates 121 and 122. the beams 135 and 137 are paraMel to each other and the beams 136 and 138 are 
not parallel to each other. Accordingly, only the t>eams 135 and 137 can t)elocused through the lens 125 to be coupled 

20 to an excitation erxi of the optical fft)er 126. 

[0113] The ratio of the total power of the beans 135 and 137 and the total power of the t)eanr« 136and 138depends 
on the Faraday rotation angle given by the Faraday rotator FR. Ryexampte 133 and 134 

are linearly polarized light having the same polarizalion planes as those of the t>eanr« 131 and 132 respectively, the 
beams 133 and 134 are entirely converted nto the beanis 135 and 137 respectively. In the case that the beams 133 

25 and 134 are linearly polarized Kght tiaving polarization planes orthogonal to tfie polarization planes of tfie t>eams 131 
and 132 respectively, the beanos 133 and 134 are entirely converted into the t)eams 136 and 138 respectively. 
[0114] When the Faraday relation angle given by the Faraday rotator FR is ooristarit, the total pow^ 135 
and 137 is net dependent tpon the polarization skate of the beam 130. As apparent from the previous description, the 
total power of the beams 135 and 137 depends on their wai^engths. 

30 [0115] According to this prefen^edenrtxxiliment the transrnittance of the 

independent of the polarization state cf input light. That is* it is possiDle to prcvide a polarization-independent tunable 
optical filter. 

[p116] FIG. 32 shows an eleventh preferred embodiment of tf)e tunable optical titer according to the present inven- 
tion. In tfiis preferred enrtaiirvient a wedge plate 141 fornied of a P1. 
35 and two wectoe plates 142 and 143 each tonried of a birefringentrnaterial are use^ 

portion and a bottom portion of the wedge plate 1 41 are opposed to a bottom portion and a top portion of the wedge 
plate 142 respectively. A top portion and a bottom portion of the wedge plate 143 are opposed to the bottom portion 
arxi the top portion of tfie wedge plate 142 respectively. 

[0117] By letting 61. a2. and 93 denote the wedge angles of the wedge plates 141. 142. and 143: d1 denote the ds- 
40 tance between the wedge plates 141 and 142, and d2 denote the distance between the wedge plates 142 and 143. 
each wedge plate is formed and arranged in order to satisfy the following two equation. 

62 = ei + 63. disinei = d2sin63 

45 [0118] The optic axis of tfie wedge plate 141 isparallel to the Y axis, and the optic axes of tfie wedge plates 142 and 
143 are parallel to each otiier. The optic axes of the wedge plates 142 and 143 are parallel to the Y axis. ^ 
[0119] In tfie preferred embodimernsfwwn in FIG. 31. the distence between the wedge plat^ and 122isneces> 
sarly relatively large, because the birefringent plate BP and the Faraday rotator FR are provided between the wedge 
plates 121 arvi 122. Acoordingty, the distance between the t>eanis 135 and 137 beoomes relatively large, so that the 

60 beams 135 and 137 are readily affected by the aberration of the lens 125 such as spherical aberration. 

[0120] According to the preferred embodiment shown in FIG. 32. a beam from the lens 1 24 is separated by the wedge 
plate 141 and next being combined by the wedge plates 142 and 143. At this time, the optical patfis of an ordinary ray 
component and an extraordinary ray component output from the wedge plate 143 are made substantially coincident 
with each other. Ckxisecfientfy. these corrponents can t>e efficiently input into the optical f i>er 1 26 by tfie lens 1 25 witti 

55 a(nx>st no influence of its aberration. 

[0121 ] FIG. 33 shews a twelfth preferred embodiment of the tunable optical filter according to the present invention. 
In this prefened embodiment two parallel-plane plates 1 51 and 152 each formed of a birefringent material are used as 
the first polarizer PI and the second polarizer P2 respectively The parallel-plane plates 151 and 152 have the same 
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thickness. The optic axes of the paralel-plane piates 151 and 152 are set so that Ihey are orthogonal to each other and 
each optic axis is inclined 49* to the Z axis. 

[0122] Thetransmissk)nax}Sof each of the parailel-piane plates 151 arid 

direction of an ^ctraordinary ray wtiose polarization plane is parallel to the optic axis or a polarization direction of an 

5 ordinary ray whose polarization plane is perperKiicular to the optic axis. 

[01 23] L^jht emerging from the excitation end of the optical iter 1 23 is changed in its beam parameter by the lens 
124 to beoorrm a coriverging beam 1G0. for exaniple. The beam 160 is separated! and 162 respectively, 

corresponding to tt>e ordinary ray and ttie extraordinary ray in the paralel-plar>e plate 151 . The beams 161 and 162 are 
parallel to each other. The fc>eams 1 61 and 162 »e transmitted through the t)trefringent plate BP arid the Faraday rotator 

10 PR In this order to become beams 163 and 164 respectively. The polarization states of the t>eams 163 and 164 are 
determined according to the Faraday rotation angle given by the Faraday rotator FR. The beam 163 is separated into 
beams 165 and 166 respectively, corresponding to the ordinary ray arxJ ttie extraordinary ray in the parallel-plane plate 
152. The t>eam 164 is separated into beams 167 and 168 respectively, correspondirig to the ordinary ray and Hhe 
extraordinary ray in the paraHel-plane plate 152. 

IS [0124] The beam 165 conries into coir>c»derK^ with the beam 168 because the paralelf)^^ and 152 ar^ 

parallel to each other and have the sarne ttvcloiess alorig tt>e Z axis. Acco^ 
converged by the lens 125 to enter the optical ft)er 126. The ratio between the 

and the total ponver of the t)eams 166 and 167 depends on the Faraday rotation angle given t>y the Faraday rotator FR. 
[0125] When the Faraday rotation angle given tjy the Faraday rotator FR is constant ttie total power of the beams 16^ 
20 and 168 is not depefKienti4)on the polarization state of tie beam 160. As apparent from the previous description, the 
total power of the beams 165 and 168deperxJsontt)eirwavelengttis. 

[0126] Also according to tNs prefen^ed embodiment it is po6si)le to provide a polarizatiorKindependent tunable opti- 
cal fiKer. 

[01 27] In the case of using a paraNel-plar>e plate lomted of a birefringent material as each polarizer, various arrange- 
26 nrieritsnriay t)e adopted by additiociallyprovidirig a half-wave pla^ 

[0128] FIGS. 34A and 34B illustrate a thirteenth preferred embodinrient of the tunable optical filter according to the 
present invention. FIG. 34A corresponds to ttie tenth preferred ennbodiment shown in FIG. 31 , and FIG. 348 shows the 
thirteenth prefenred embodiment 

[0129] In the configuration shown in FIG. 34A, each of the wedge plates 121 and 122 has a polarization separation 
30 angle or wedge angle 0'. The beams 1 35 and 137 are coupled to the optical f ber 126 by the lens 1 25, but tfie k>eams 
136 and 138 are not coupled to the optical fft>er 126. 

[0130] In the thirteenth preferred embodiment shown in FIG. 348, wedge plates 1 21' and 122' each having a wedge 
angle 8" smaHer than the wedge angle S* are used. Beams 135* to 138* are output from the wedge plate 122'. The 
beanis 135* and 137* are entirely coupled to the optical fiber 126 by tf)e lens 125 in principle. Because the wedge angle 
36 6" is smaller than the wedge angle B\ the beams 1 36' ml 138' oric^iaMy unexpected to be coipled to the op^ f i>er 
126 m^ be partially coupled to the optical fi>er 126. If such pariiat coupling of the t>eams 136' and 138' occurs, it is 
possft)letoobtalnan effectsirnilartotfiatobtairiedby ustrigapartiaripolar^ P2. 
[0131] TbeoonditiontorpartiaHycouplinglhebeams136rand138'totheoplicalf 

aistheooredianrieleroftheopti(^fi>er 126andf isthefocallenglhof ^ By satisfyin g this condition, the 

40 average loss ol the tunsUe optical finer can be reduced as in the case of using a part» 
izer P2. 

[01 32] Havi ng thus described various preferred embodi ments of the present invention, two or nrxxre of the above pre- 
ferred embodimerits niay be combined to carry oU tfie present iriverition. 
[0133] As described above, according to the preserninverrtion, it is po6Sft)fe to provide a tur^ 
45 tfie shape of a cftaracteristic curve giving a wevelerigthcfiaracteristic of tran^^ 

axis. Tbe otfier effects by tfie present invention t>eoome apparent from the above descrption. 
[01 34] The present invention is not Hmfted to the detais of the above described prefenred embodiments. The scope 
of tfie invention is defined by the appended claims and aR changes and modifications as fall within the equivalence of 
the scope of Itie claims cire therefore to t)e errixaced t3y the inversion. 

50 

Claims 

1. A tunable optical filter comprising: 

55 first and second polarizers each having a transmission axis detennining a polarization axis of transmitted 

polarized light 

a birefringent element provided t)etween said first and second polarizers and having an optic axis determining 
a phase difference given t)etween two orthogonal corrponents of transmitted polarized light; and 
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a Ruaclay rotator provided betwe^ 
to transmftted polarized light. 

2. A tunable optical fitter accoiding to Claim 1 , wt^erein: 

the order off arrangement of said birefringent element and said Faraday rotator arKi Hhe relative poeitional rela- 
tion between said optic axis off said birefringent elenoent and said transmission axis of each cA said f irst and 
second polarizers b&ng set so that fhB shape of a characteristic curve giving a wavelength characteristic off 
transmiltance changes along a transnrvttanca axis according to a change In said Faraday rotation angle. 

3. A tunable optical filter accoiding to Claim 2, wherein: 

input light is si^splied to said first polarizer; 
said input ight having a predetermined band; 

said predetermined band k>ein9 narrower than 1/2 of a spectral width giving a period of said characteristic 
curva 

4. A tunable optical filter according to Claim 1 , wherein: 

input light is suppTted to said first potarizer; and 
said second polarizer includes a partial polarizer. 

5. A tunable optical filter aoooiding to Claim 1, wherein: 

s^ Faraday rotator is provided between said birefringent elenr>ent and said second polarizer; 

input light is transmitted ttirough said first polarizer, said k>irefringent element said l=araday rotator, and said 

second polarizer in this order; and 

an angle ^ formed t)elween the transmission axis of said first polarizer and ttie optic axis of said birefringent 
element satisfies ^ ^ nicy2 (n is an integer). 

6. A tunable optical filter accoiding to Claim 5. wt>erein said angle f is equal to ic/4. 

7. A tunable optical filter according to Claim 6. wherein tfie transmission axes of said first and second polarizers are 
paralel to each other. 

8. Atunak3l60pticalfiteraccordir)gtoClaim6.«^einthetrarisnr»^^ 
optic axis of said birefringent element. 

9. A tunable optical filter acoNdmg to Claim 5. wherein said angled is d^ 

10. A tunable optical filter according to Claim 5, furtfier comprising a quarter-wave plate provided t>elween said first 
polarizer and said txrefringent element 

11. A tunable optical filter according to Claim 1, wherein: 

said Faraday rotator is provided between said first polarizer and said birefringent element; 

input light is transmitted through said first polarizer, said Faraday rotator, said birefringent element, and said 

secorxi polarizer In tfiis order; and 

an angle e formed between the optic axis of said birefringent element and the transmission axis of said second 
polarizer satisfies 6 ^ n%/2 (n is an integer), 

12. A tunable optical filter according to Claim 11. wherein said e is equal to ic/4. 

13. A tunable optical filter according to Claim 12, wtierein tfie transmission axes of said first and second polarizers are 
parallel to each other. 

14. A tunable optical filter according to Claim 12. wherein the transmission axis of said second polarizer is parallel to 
tfie optic axis of said t>irefrlngent element. 
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15. AtunsMe optkal filter according to Claim 11, 

1 6. A tunable optical filter acoordng io Claim 1 1 , further conprising a quarter-wave plate provided between said bire- 
fringent element and said second polarizer. 

1 7. A tunable optical filter according to Claim 1 . wtierein: 

said Faraday rotator includes first and second Faraday rotators: 

said birefringent elemem Is provided between said first and second Fara^ 

input is transmitted through said first polarizer, said first Faraday rotator, said birefringent element, said 
second Faraday rotator, and said'second polarizer in this order. 

18. A tunable optical filter according to Claim 17, further conprisingnfYeans^ 

rotators so that a Faraday rotation angle by said first Faraday rotator becomes substantially equal toa Faraday rota- 
tion angle ty said second Faraday rotator. 

19. AtunableopticalfilteracoordingtoClaiml. wherein: 

said birefringent element includes first and second birefringent elements; 

said Faraday rotator is provided t>etween said first and second birefringent elements; and 

input light is transmitted through said first polarizer, said first birefringent element, said Faraday rotator, said 

second birefringem element and said second polarizer in this orc^ 

20. A tunable optical fiter according to Claim 19, wherein said first and second 
parallel to each other. 

21. A tunable optical fitter according to Claim 1, further conprising a variable ph^ 
and second polarizers; 

wtierein input light is st|)plied to said first polarizer. 

22. A tunable optical fitter accordirig to Oaim 21, wherein said variable phase shi^ 

wave plates and another Faraday rotator provided between said first and second quarter-wave plates for giving a 
variable Faraday rotation angle. 

23. A tunable optical fitter according to Claim 1 , wfterein said Faraday rotator includes a magneto-optic crystal located 
on an optical path, magnetic field applying means for applying first and second magnetic fields having different 
directions to said magneto-optic crystal so that the strength of a synthetic magnetic field of said first and second 
magnetic fields beconnes larger than a predetermined value, and magnetic field adjusting means for changing the 
streng^ of at least one of said first and second magnetic fields. 

24. A tirable optical fitter according to Claim 23, wherein said first and second magnetic fields are applied in orthogo- 
nal directions in a plane containing a propagation direction of light passing through said magneto^sptic crystal. 

25. A tunable optical fitter according to Claim 23. wherein: 

said magnetic field applying means includes an electromagnet and a permanent magnet for applying said first 
and second magnetic f ields respectively; and 

said magnetic field ac$usting means adjusts a drive cunent of said electromagnet. 

26. A tunable optical fitter according to Claim 23, wherein: 

said magnetic field applying means includes first and second electromagnets for applying said frst and second 
magnetic fields respectively; and 

said magnetic field adjusting means adjusts a drive current of at least one of said first and second electromag- 
nets. 

27. A turekDie optical fitter according to Claim 23, wherein said predetermined value is a value conesponding to a mag- 
netic field strength required to saturate magnetization of said magneto-optic crystal. 
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28^ A tunable optical filter according to Claim 1 » wherein^^ 

said first and second polarizeis comprise first and second wedge plates each formed of a birefrmgent material , 
respectively; 

said first and second wedge plates k>eing arranged so that a top portion and a bottom portion of said first wedge 
plate are opposed to a bottom portion arxJ a top portion of said second wedge plate respectively, and tfiat cor* 
responding surfaces of said first and second wedge plates are parallel to each ol^ 
said tunable optical filter further comprising: 

a first optical fiber; 

a first lens for supplying light from said first optical fi>er to said first wed^ 
a second lens lor converging a light beam from said second wedge plate; and 
a second optical fi>er to which said light beam converged t>y said second lerB is c^ 
ditions. 

29. A tunable Optical fitter according to Claim 28, wherein a condition o^ < a is satisfied where 6" is tfie polariza- 
tion separation angle of each of said f iret and secorvf wedge plates, a is tf>e core cf ameter of said second optical 
fi>er, and f is the fbca) length of said second lens. 

30. A turtable optical fitter accordir^g to Claim 1,vi^erein: 

said first polarizer includes a first wedge plate formed of a txrefririgent nr^erial; and 

said second polarizer includes second and third wedge plates each formed of a birefringent material; 

said first, second, and tNrd wedge plates being arranged so thai a top portion and a bott^ 

wedge plafte are opposed to a bottom portion and a top portion of said second wedge plate respectively and 

the top portion and the bottom portion of said second wedge plate are opposed to a bottom portion and a top 

portion of said tfiird wedge plate respectively; 

said tunable optical filter further comprising: 

a first optical f2)er; 

a first lens for supplying light from said first optical fi^er to said first ¥vedge plate; 

a second \&ns for converging a Kght beam from said third wedge plate; and 

a second optical fi)er to wtvch said light t>eam coriverged t)y said second leris is coi^^ 

ditions. 

31. A tunable optical filter according to Claim l.wfierein: 

said first and second polarizers comprise first and second paraNel-plane plates each formed of a birefrif)gent 
material respectively; 

said tunable optical f iter furtfier composing: 
a first optical fft)er; 

a first lens for supplying kght from said first optical f ber to said first paraliel-plane plate; 
a second lens for converging a light beam from said second parallel-plane plate; and 
a second optical fi)er to which said light beam converged by said second leris is coupled u 
ditiors. 

32. A tunable optical fitter according to Claim 1, further comprising at least one fiter unit provided between said first 
and second polarizers; 

said fitter untt comprising elements respectively oonresponding to said first polarizer, said birefringent element, 
and said Faraday rotator. 

33. A tunable optical fiter according to Claim 32. further conprising a variable phase shifter provided between said first 
and second polarizers; 

said fitter untt further comprising an element corresponding to said variable phase shifter. 
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